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Question1: Problem Definition
Scale buildup in geothermal fluid lines negatively impacts flow and heat transport and efficiency of operations by requiring downtime for cleaning. We propose to design and fabricate a novel device for scale removal that will lead to higher enthalpy, reduced cost, and higher efficiency. The fabrication techniques include 3D printing (Additive Manufacturing) of the novel device with specialized engineered material sustainable at higher temperatures and pressures.
When parameters such as temperature, pressure, composition, or pH change during geothermal power operations the equilibrium of the system shifts resulting in scale buildup in the fluid lines. Andritsos et al., (2002) point out that scaling is a major obstacle in the development of geothermal energy. The most common problems are related to the chemistry of the geothermal fluids (Gunnlaugsson et al., 2014). 
As an example, the Cerro Prieto geothermal field, which is one of the largest geothermal fields in the world Ocampo et.al. (2005). The scale is a major problem in geothermal operations. Zarrouk (2014), explains scaling shows a dramatic impact on the long-term operating performance of geothermal heat exchangers. Scaling affects both the flow hydrodynamics and the heat transfer resistance. The cleaning of binary plants is important because it reduces pipeline pressure, reducing the risk of potential damage. According to Nergaard et.al. (2010), the cost of scale removal can be quite costly around 40 % of the maintenance budget.  Scaling condition slows transmission and distribution capacity and can require more than just routine maintenance if it remains unaddressed. Interior corrosion, scaling, and leakage in pipeline systems will adversely impact bottom-line operations.
Common scaling mechanisms are:
Particulate scaling: This results from sediment of dust, rust, fine solids, and other entrained solids.
Crystallization scaling: A concentration of dissolved solids by repeated partial evaporation of the water is the main factor that causes calcium carbonate scale which is Crystallization scaling.
Biological scaling: This occurs when biological organisms grow on inner pipe surfaces. Problems arise from algae and other microbes such as barnacles and zebra mussels.
Chemical reaction scaling: This type of scaling occurs when the depositions are formed as a result of a chemical reaction.
The currently existing process of pigging in oil and gas fields is not cheap. The total pigging cost on that 15 miles of pipeline would be $335,000 - $380,000 or roughly $35,000 per mile, $59 billion to run this standard pigging operation on all US pipelines one time.
Role of additive manufacturing:
Numerous advanced manufacturing methods, such as 3D-printing (AM), have received increased R&D as well as commercial attention in recent years because of their ability to rapidly prototype complex parts in corrosion management fields, Sireesha et.al. (2018), and Vendra et.al. (2018). 3D-printed hydrophobic surfaces Wang et.al. (2016), Jafari et.al. (2019), 3D-printed ancillary devices for condensation removal for reducing scaling and corrosion, such as the examples define the use of AM for tackling issues of scales in Oil and Gas as well as Geothermal industry Al-Janabi (2015).  The Conventional Manufacturing (CM) processes are high cost and material inclusive, and although the processes are currently widely used in industries, the complex micro-structured composites are difficult to manufacture. With the help of additive manufacturing (AM), the 3D printing processes can deliver desired roughness and structure without wasting material, reducing overall cost, Jafari et.al. (2019). With modern process improvements, AM facilitates access to parts with better production-ready quality at faster speeds and reduced costs. Production-grade material properties are required to master as specific application orientated.
Question 2: Innovation
Our novel mitigation strategy is cyclic scale management as operational analysis data indicate the need for assertive action. (Figure 1 for more details).
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Figure 1: Scale management as a continuous process improvement loop
Though the enthalpy of fluids is higher than fluids dealt with in oil and gas fields, a sustainable material at high temperatures and enthalpies can be utilized for geothermal system pigging devices. Previous work suggests that detection scale buildup at injection well lines can be detected by monitoring pressure drop (Brown, 1995; Stock and Orser, 1990) Klein (1995) recently developed methodologies for predicting and suppressing scales in reinjection lines and wells.  Arata, Erich, and Paradis (1996) provide insights on pigging as a process for removing geothermal reinjection well lines. 
We propose that the pigging process can be utilized at lines near production wells in conjugation with reinjection wells with specified material and its manufacturability tested by AM. Its tested endurance at high thermal stresses in high pressurized systems test operations can be a feasible solution for use of pigging or pigging similar scale removal systems in geothermal power generation facilities.
Design of Pipeline Interventions Gadget (PIG):
In previous experiences with the process of pigging three major problems were observed, 1) breakage of the front guided roller, 2) rapid deterioration of the propulsor materials and 3) the inability to accurately track the location of the tool due to faulty electronics. [2] In the process of pigging, the device exclusively moves with applied pressure forces at the backplate and with the internal mechanism of the brush scraper along the walls of pipes. A backplate of this Pipeline Intervention Gadget (PIG) is planned and installed with a corrugated pattern similar to turbine blade geometry. Thus, executing tangential components in effect with linear components of velocity, developing vorticity, and as result rotational movement for the whole PIG. Due to faster rotations, propulsors are required sufficient to hold the backpressure as well as acting as bendable smooth uniform contact across the inner walls of the pipe. This rotational part shall act as an excavator/drill reducing the thickness of scale along pipe walls. The launcher serves the purpose of launching PIG in pipelines, like the mechanism of executing processes in the oil and gas industry. Thus, the design of launchers can have dimensions and properties of launchers used in the oil and gas industry. The flow rates from launchers to receivers, and vice versa, can be up to 50 percent less than that of the flow rates utilized in the pigging process in the oil and gas industry. The following table shall give an approximate idea of the PIG, its process of utilization, and the forces acting during the process.
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Table.1: approximate design compilation with fundamental dimensions
A rippled structured insulation jacket is possible to provide a dual work solution, which is the cleaning of scales and protection from temperature. 
[image: ]
Figure 2: Schematic of Pigging device. (Not as per scale).
Implementation of Additive Manufacturing (AM):
Each part can be built by use of various 3D printing techniques, and then can be assembled using conventional manufacturing skill, while other methodology, the entire device can be fabricated using AM one technique. Techno-Economic Analysis (TEA) can be evaluated based upon two routes of manufacturing and design by fabricating a 1:5 scale prototype. The prototypes can be tested at various thermal and pressure conditions by applying continuous tensile or compressive stresses at elevated temperatures. Speculations upon results shall lead to comprehensive decisions among all team members. The AM steps are required to break down in several scenarios and assessments with required additional attention towards material considerations and dimensional tolerances associated with it because the AM compatible materials are not currently available for all parts. In certain scenarios, we might use a hybrid approach towards specific parts such as a combination of Additive Manufacturing (AM) and Subtractive Manufacturing (SM). Generally, to achieve final tolerances and finishing for surfaces, the addition of Conventional Manufacturing (CM) (e.g., heat treatment, nitriding, etc.) is required. (As shown in figure 3)
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Figure 3: Generalized manufacturability assessment process flow
The TEA of this process is approximately 5 to 10 percent lower than previously existing pigging processes in oil and gas fields. The feasibility aspects of this device are statistically implementable by reviewing the current state of technology and material science development compared to nano-micro structured coatings across the inner walls of pipelines.
Question 3: Team
Our team, “Dreamer Geothermophiles”, is a group of highly motivated faculty members, graduate, and undergraduate students with different scientific backgrounds to outperform competitors.
Faculty Members:
 Dr. William Gosnold:
· Chester Fritz Distinguished Professor in Geology and Geological Engineering, University of North Dakota (UND). 
· Career spans: 42 years 
· Research: heat flow, geothermal energy. 
· Geothermal energy research: Williston Basin, first commercial demonstration of geothermal power using low-temperature waters in an oil and gas setting. 
· Memberships: 1. Founding Member, US National Geothermal Data System for the DoE. 2. Custodian: Global Heat Flow Database of the International Heat Flow Commission from 2001 until 2019.


Dr. Stephan Nordeng:
· Associate Professor of Geological Engineering at the UND. 
· Experience oil and gas: 8 years with the NDGS working on numerous Bakken-Three Forks-related petroleum resource investigations 2006-2014.
· Research: source rock kinetics of various rock formations in the Williston Basin. 
Student members:
Moones Alamooti:
· Ph.D. student of Geophysics at the UND 
· Member: GRC student committee.
· Research focus: Application of geophysics in finding geothermal resources.
· Skills: Additive Manufacturing (Basic).
 Samsideen Ajala:
· M.Sc., Geology, University of Louisiana. 
· Previous member: Drilling team at Shell in Nigeria.
 Emmanuel Chukwuemeka:
· Ph.D. student, Mechanical Engineering, UND.
· Skills: CAD drawings, flow analysis (CFD).
· Award: “Petroleum and Shell Undergraduate Scholarships Outstanding Student”, 2015. 
Rebecca May:
· Research assistant: Energy and Environmental Research Center (EERC).
· Pursuing BS, geology and environmental science, UND.
· Skills: data mining, environmental management. 
Nnaemeka Ngobidi:
· Ph.D. student,  Geology, UND.
· Experience: Supervisor,  World Bank, and AFD assisted projects in the water sector, emphasis: pipe reticulation pressure testing and sterilization. 
Rita Esuru Okoroafor:
· Ph.D. student, Energy Resources Engineering, Stanford University.
· The president of the GRC student committee.
· Experience: Principal reservoir engineer, Schlumberger.

Chioma Onwumelu:
· Ph.D. student, petroleum geology, UND. 
· Experience: Geoscience Intern, Research Assistant, and Wellsite Geologist. 
· Member: GRC student committee. 
Ogochukwu Ozotta:
· Ph.D. student, petroleum engineering, UND.
· Experience: QAQC on structures, rocks, construction materials, geophysical subsurface investigation, reservoir characterization.
· Member: GRC student committee.  
Jerjes Porlles Hurtado:
· Ph.D. student, petroleum engineering, UND. 
· Experience: Supervisor, gas plant with scaling issues, oil and gas reservoirs expertise, and analogical applications in geothermal projects. 
· Skills: Fluid flow simulation through pipelines (Pipesim and GAP) and scaling generation.
Ashish Kotwal:
· Ph.D. student, Energy Engineering at the UND. 
· Experience: 1 year, power transformers copper winding corrosion issues. 
· Skills: 3D CAD Modeling, computational mathematical modeling (CFD, CSD), additive manufacturing (AM)
Olusegun Stanley Tomomewo:
· Ph.D. student, energy engineering (UND). 
· Experience: 14 years, well development engineer, and general energy asset management, Schlumberger.
· Skills: Certified project manager (PMP certification, PMI).
The team has the opportunity to work under the supervision of distinguished professors and highly experienced professionals in the geothermal industry. Initialized work by discussing the existing issues in this industry with the team and gathered literature review. Later, we discussed the benefits and disadvantages of each option. We decided to work on scaling issues which not only reduces the quality of implementation but also increases the cost of the project. We found AM is a key solution that could handle both cost and quality issues in scaling, leading us to understand how AM had worked so far regarding this issue, and how design can be improved.
[bookmark: _heading=h.gjdgxs]By winning Ready! Contest, we could better work on improving our design and creating the initial prototype. Additionally, we are planning to attend workshops related to the project and to register 1-2 team members in AM training courses. Those achievements would help to 1) use AM more efficiently in our project, 2) find the potential defects in prototypes, and 3) to be well prepared before Make! Contest.
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Figure 4:Flowchart showing the key milestones in the project
Question 4: Plan
The novel device is in a concept development phase only and does not have a working prototype. The device that the oil and gas industry operates on higher pressures, while our technology is defined to work on mid to small scale discrete power generation facilities such as geothermal plants established for providing the energy to 17 to 21 houses. The pressure exitance at small to mid-scale power plants holds less than 1000 psig in production and reinjection wells.
The team will go through detailed analysis and development under Set! Phase of the geothermal challenge. Components fabrication using AM needed to be analyzed and speculated. If the whole part is built from 3D printing, then how does it sustain under various thermal and structural stresses caused by impulsive hydrodynamic forces compared to building an assembly of parts? The goal is to produce documents highlighting detailed analysis and methods of creating this device.
[bookmark: _GoBack]Using the design developed and certified from Set! Phase the device will start manufacturing in Make! Phase. Under this phase the factors such as time, space, and finances which are initially evaluated on Set! Phase would be deployed. The time required building a cylinder of 1 cm diameter and 10 cm height using various 3D-printing techniques will be monitored and the technology which is operating with optimal timing and providing results sustainable at higher temperature and pressure will be chosen. The goal is to have an optimized prototype completed or near completion.
At the Geo! phase, we will apply actual test conditions to the manufactured prototype. The device will be evaluated at a geothermal power station in South Dakota where we plan to contact during the Make! Phase, or leverage on the America-Made Network for such a facility.
Our AM team has been divided into talented subgroups with experience in manufacturing. Tasks were distributed based upon individual strengths and time limits. In terms of resources, we have a geothermal library, advisors, and opportunities for training in the execution of this project. The most critically required resource is the financial provision from contests as well as other financial sources. The various tech facilities and knowledge support from experienced faculty available at the UND campus give viable solutions to the challenges. However, certain resources can be obtained from industrial machine shops for the development of novel technology.
We have also factored in our time commitments to also execute the SET and GEO phases of the project. We estimated approximately $1.5M  for the execution of all stages of the project. Please check the attached timeline for the project and the estimated budget distribution according to different stages.
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Figure 5: Project Plan
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Figure 6:Geothermal Context Project Budget
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Design Compilation

Parameters Values | Units
Guide disc (quantity =2) 11.81 | inches
Sealing disc (quantity = 4) 1255 | inches
Spacer disc (quantity = 12) 6.89 | inches
Brushes (quantity = 2) 1255 | inches
Mounting Pig body diameter, (d) 433 | Tnches
By-pass nose diameter 260 | Inches
Mass (weight) of pig, m 641 | ke
Overall length of pig. L 53150 | inches
Length of pig body 1575 | inches
‘The Drag coefficient (C-) for PLG. 148274
Drag Force on the pig, (Fx) 12191 [N
Contact Friction force, (F) 4077 | N
Normal Force acting on Pig (Weight) = 641 | ke
Velocity, (V) 003 | mis
Velocity of Flow from launcher (V) 012 | mis
Velocity of Pig (V) 009 | mis
Pressure Drop across PIG (AP) 53379 | N
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(1)Geothermal Manufacturing Prize
Informational Webinar on May 27

(2)Three virtual sessions at NOMCON,
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June 5 and planned for literature review

about existing problems in Geothermal
Industry

(@)Having the 2™ meeting with
Geothermal and AM Experts on June
19* discussing the mail

(5)Having the 3" meeting with team on June 26"

discussing about the potential project topics and

setting deadlines by July 6" to define pros and
cons for each idea posted online.

about Geothermal on June 16.

(7)Having 4™ meeting with team on July
22" Discussing the proposed topic and
how we can develop the design

(8)Participating in PIVOT 2020 13-17 July

(9)Having the 5% meeting teamon
July 30™ go through the plan and the list
of tasks we will have for the contest

(10)Creating Group chat and Google
Drive to post the materials and share any
updates

(iT)Participationin “Collaborative
Geothermal Manufacturing Prize
Innovation and Teaming Session” on

August 5.

(12)Having the individual subteam to
werk en different questions;
Meanwhile developing the design
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GEOTHERMAL CONTEXT PROJECT BUDGET
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